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57 ABSTRACT 

In a current driving circuit which supplies a two-termi 
nal load with current to be inverted in accordance with 
input information, a current driving circuit according to 
the present invention comprises a load whose one-side 
terminal has its potential fixed, circuitry to supply a 
non-fixed side terminal of the load with a direct current, 
and circuitry to supply the non-fixed side terminal with 
a current having a magnitude double that of the direct 
current and a polarity opposite to that of the direct 
current, while switching it in accordance with input 
information. Owing to such construction, the number of 
terminals to be led out from the loads can be reduced, 
and a load current can be inverted at high speed. In 
addition, reliability can be enhanced because the assem 
bling process is simplified. 

17 Claims, 9 Drawing Figures 
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4,600,965 
CURRENT DRIVENG CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to current driving cir 
cuits, and more particularly to a current driving circuit 
which can change the recording currents of the mag 
netic heads of a magnetic tape storage device etc. at 
high speed. 
The recording method of a magnetic tape storage 

device, a magnetic disk file storage device, etc. utilizes 
the magnetic storage phenomenon of a ferromagnetic 
substance. A coil is wound on an annular core, and 
current is caused to flow therethrough, to generate in 

10 

the core a magnetic flux conforming to the direction of 
the current, so that the magnetic flux leaks from a gap 
provided in the core and magnetizes the surface of the 
magnetic substance. Since the magnetic flux in the core 
is inverted by changing the sense of the current, the 
surface of the magnetic substance is magnetized in the 
reverse direction by the leakage flux. In this case, when 
the sense of the current to flow through the coil is 
changed, a voltage reacting against the change (herein 
below, termed "flyback voltage") is generated. As the 
changing speed becomes higher, the flyback voltage 
increases in amplitude. The high speed operation of the 
current driving circuit of the magnetic head is therefore 
difficult. In the typical magnetic tape storage device, 
the width of a track is about 1 mm, the geometries of the 
core are large and the inductance (L) of the head is 
high, so that the flybck voltage becomes very great. For 
such a head, there has heretofore been a circuit for three 
terminals wherein, as shown in FIG. 1(a), a coil L is 
provided with a center tap to which a supply voltage V 
is connected, and switches S1 and S2 at both the ends of 
the coil L1 are alternately turned "on' and "off", 
whereby the sense of the recording current to flow 
through the coil L1 is changed. With this arrangement, 
the two switches S1 and S2 suffice as the switches for the 
change-over control. However, thin film heads have 
been developed in recent years, and it is deemed very 
difficult to provide the center tap in a method of manu 
facturing the thin film head. Accordingly, a circuit 
shown in FIG.1(b) (refer to, for example, "IBM Techni 
cal Disclosure Bulletin', Vol. 23, No. 11, April 1981, pp. 
5167-5168) is employed for the thin film head. With this 
circuit, as stated before, the high-speed current chang 
ing is difficult when the flyback voltage becomes great. 
Further, when multitrack recording is also taken into 
consideration, two terminals (A, B) are necessary for 
each track as shown in FIG. 2 in spite of narrowed track 
pitches, so that the connection and packaging of the 
heads (H) and circuits become very difficult. In FIG. 
1(b), current is caused to flow from the left to the right 
of a coil L2 by turning "on' switches S1 and S4 and 
turning "off switches S2 and S3, while in inverting the 
direction of the current, the switches S1 and S4 need to 
be turned "off' and those S2 and S3 "on'. Therefore, it 
is necessary to provide the four switches shown. 

FIG. 3 is a diagram of the fundamental arrangement 
of the prior-art current driving circuit shown in FIG. 
1(b), while FIG. 4 is an operating time chart of the 
circuit in FIG. 3. 

In a first state (Q1, Q4 "on') illustrated in FIG. 4, 
transistors 3 and 6 are turned "on' by signals G1 and G4, 
and transistors 4 and 5 are turned "off' by signals G2 
and G3, respectively. Then, the current Is of a current 
source 8 is drawn in the order of a terminal 9, the tran 
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2 
sistor 3, the load (head) 7 and the transistor 6 and flows 
to a terminal 17. On the other hand, in a second state 
(Q1, Q4 “off”), the current Isis drawn in the order of the 
terminal 9, the transistor 4, the load 7 and the transistor 
5, and the current which flows through the load be 
comes the opposite sense. These operations are repeat 
edly performed according to the signals G1-G4, to form 
a current IL changing in inverted fashion. With this 
circuit, however, the two terminals are required per 
load. Further, in a case where the load 7 is inductive, 
the flyback voltage across the load 7 (the amplitude 
VF of a potential VF in FIG. 4) becomes great in 
changing the sense of the current, and hence, the 
switching of the transistors 3, 4 becomes difficult. 
Herein, in order to effect the switching operations of 
the transistors 3, 4 at high speed without being influ 
enced by the flyback voltage VF, the potentials of 
terminals 10 and 11 need to be higher than those of 
terminals 14 and 15 in excess of IVF during "on' of the 
transistors 3, 4 so as to prevent the transistors 6, 5 from 
being saturated with the flyback voltage IVF, while 
they need to be lower than the lowest potential of VF 
during "off of the transistors 3, 4. Here, the flyback 
voltage IVF becomes IVF =5.0 V when a current of 
100 mA is to be changedover through a load of 1 uH at 
high-speed switching of 20 nsec by way of example. In 
case of controlling the transistors 3, 4 by driving the 
terminals 10, 11 with such large amplitude, enhance 
ment in the operating speed especially during the "off" 
state of the transistors 3, 4 is difficult, and disadvanta 
geously the changing speed of the load current IL is 
limited in this part. 

SUMMARY OF THE INVENTION 

An object of the present invention is to improve such 
problems, and to provide a current driving circuit 
which drives current on only one side of a load, 
whereby the number of terminals to be led out from the 
load can be reduced, a load current can be inverted at 
high speed, and reliability can be enhanced owing to the 
simplification of the assembling process of the device. 
The current driving circuit of the present invention 

for accomplishing such objects consists in a current 
driving circuit which supplies a two-terminal load with 
current to be inverted in accordance with input infor 
mation, characterized by comprising the load whose 
one-side terminal has its potential fixed, means to supply 
a non-fixed side terminal of the load with a direct cur 
rent, and means to supply the non-fixed side terminal 
with a current double in magnitude and opposite in 
polarity with respect to the direct current, while 
switching it in accordance with the input information. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS, 1(a) and 1(b) are schematic diagrams of prior 

art current driving circuits for magnetic tape heads; 
FIG. 2 is a diagram of an array of lead-out terminals 

for multitrack heads; 
FIG. 3 is a fundamental arrangement diagram of the 

prior-art current driving circuit in FIG. 1(b); 
FIG. 4 is an operating time chart of the circuit in 

FIG. 3; 
FIG. 5 is a connection diagram showing the funda 

mental arrangement of the present invention; 
FIG. 6 is a waveform diagram of currents which flow 

through a load in FIG. 5; 
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FIG. 7 is an arrangement diagram of a current driv 
ing circuit showing an embodiment of the present in 
vention; and 

FIG. 8 is a diagram of an arrangement in which a 
current value switching portion is connected to the 
current driving circuit in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 5 is a connection diagram showing the funda 
mental arrangement of the present invention, while 
FIG. 6 is a waveform diagram of currents which flow 
through a load in FIG. 5. 

In the present invention, as illustrated in FIG. 5, the 
potential of the one-side terminal 22 of a load 7 is fixed 
to VL. A direct current IL1 is caused to flow to the 
non-fixed side terminal 21 of the load 7, while at the 
same time a current IL2 with a current IS2 (= -2IL) 
switched by terminals 14 and 15 is caused to flow to the 
non-fixed side terminal 21, so as to form a load current 
IL. Owing to such arrangement, the one-side terminals 
of the loads 7 can be made common. Further, the part 
for current switching by the signals G1 and G2, which 
has heretofore hindered the enhancement of the speed, 
is dispensed with to realize a current driving circuit of 
high speed. Means 18 to supply the current IL in FIG. 
6 generates a current IS (=IL), while means 19 to 
supply the current IL2 generates this current IL2 by 
switching the current IS2= -2IL1As illustrated in FIG. 
6, the current IL =IL1+IL2 holds. Vc denotes a supply 
voltage to be connected to the collector of a transistor, 
and VE a supply voltage to be connected to the emitter. 
FIG. 7 is an arrangement diagram of a current driv 

ing circuit showing an embodiment of the present in 
vention. 
FIG. 7 corresponds to a case where the invention is 

applied to the recording current driving circuit of a 
head in a digital magnetic storage device, for example, 
a magnetic tape storage device, and where a load 7 is 
the recording head. 
The embodiment is constructed of the load 7 whose 

one-side terminal is grounded, a current source 18 
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which is composed of elements 25-28 to feed IL1, a 
current source 20 (composed of elements 29-33) which 
determines the magnitude of IL, and a current switch 19 
which is composed of elements 5, 6, 34 and 35. 
The resistor, diode and transistor (26, 28, 27) and 

those (32, 31, 30) in the current sources 18 and 20 consti 
tute constant-current source circuits, respectively, 
which determine current values by means of the resis 
tors 25 and 33. In addition, the transistors 5 and 6 of the 
current switch 19 constitute a CML (current-mode 
logic) in which either is turned "on' by an input G3 or 
G4. Further, the transistor 29 in the current source 20 
alters the value of the recording current IL to flow 
through the head 7, depending upon the kind of a mag 
netic tape, and it sets the current value in accordance 
with an input VC. 
When, under the condition that the base-emitter volt 

age of the transistor 29 and the terminal voltage of the 
diode 31 are set at 1.6 (V), the input potential VG of a 
terminal 39 is made greater than VE-- 1.6 (V), a current 
Ic determined by the resistor 32 (as (VG-VE-1.6)/R3) 
flows. The current Ic also flows through the diode 28 
and the resistor 26. Therefore, when the diodes 28 and 
31 and the resistors 26 and 32 have the same ratings, the 
potential difference across terminals 40 and 17 equalizes 
to that across terminals 9 and 38. At this time, the rela 
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4 
tionship between the value R2 of the resistor 25 of the 
current source 18 and the value R4 of the resistor 33 of 
the current source 20 is held at R2 = 2x R4, whereby the 
magnitude of the output current IL of the transistor 27 
becomes of the magnitude of the output current IL2 of 
the transistor 30. 

Besides the current Ili, a current IL2 flows through 
the recording head 7, this current being obtained in 
such a way that the current IL2 double the current Ili in 
magnitude is repeatedly switched according to the inut 
signals G3 and G4. Thus, the recording current It is 
formed. 

In the embodiment of FIG. 7, a D.C. bias current can 
also be superposed on the recording current IL by vary 
ing the ratio (R1:R3) of the resistors 26 and 32 or the 
ratio (R2:R4) of the resistors 25 and 33. 

FIG. 8 is a diagram of an arrangement in which a 
current value switching portion is connected to the 
current driving circuit of FIG. 7. 

In the magnetic tape storage device, the magnitude of 
the recording current IL needs to be changed depending 
upon the kind of the magnetic tape being used for re 
cording. 

In FIG. 8, the potential difference VoE between the 
terminal 17 (potential VE) and the node 39 (potential 
VG) is controlled by switching gate signals G5 and G6, 
so as to change the magnitude of the recording current 
IL. 
The circuit of the recording current value-switching 

portion 44 is a digital-to-analog converter circuit whose 
digital signal inputs are the gate signals G5 and G6. Two 
constant current sources composed of a resistor, a diode 
and a transistor (46, 49, 51) and those (48, 50, 52) are 
connected to the base of the transistor 29 in parallel. 

In this case, when both the signals G5 and G6 are 
open, that is, both are at an "H" (high) level, the poten 
tials of nodes 63 and 64 equalize to the potential Vc of 
a terminal 58. Therefore, the PNP transistors 51 and 52 
do not turn "on', and no collector current flows. Ac 
cordingly, the aforementioned potential difference VGE 
becomes null, so that the collector current IC of the 
NPN transistor 29 does not flow, and the recording 
current IL becomes null. On the other hand, when the 
gate signal G5 is closed and grounded to become an "L" 
(low) level, the potential of the base 64 of the transistor 
52 is determined by the resistor 48 and the diode 50, and 
a collector current Icy determined by a resistor 47 flows 
to a resistor 57 via diodes 55 and 56. At this time, owing 
to the current flowing through the resistor 57, the po 
tential difference VGE becomes VGEd 1.6 (V). As a 
result, the recording current IL of the magnitude corre 
sponding to the potential difference VGE flows to the 
recording head 7 as explained with reference to FIG. 7. 

This holds also in a case where only the gate signal 
G6 is closed, and a collector current IC8 determined by 
a resistor 45 flows from the transistor 51 to the resistor 
57. Further, in a case where both the gate signals G5 and 
Gó are closed, the sum of the collector currents IC8 and 
Icg flows to the resistor 57. Thus, by way of example, 
when the resistance values of the resistors 46 and 48 and 
resistors 53 and 54 are respectively equalized and the 
resistance value of the resistor 47 is rendered double 
that of the resistor 45, current values of 0, 1, 2 and 3 
times as based on the recording current value at the 
closure of only the gate signal G5 can be selected by the 
combinations of the opening and closure of the gate 
signals G5 and G6. 
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While, in FIGS. 7 and 8, the transistors 27, 51 and 52 
are PNP transistors and those 5, 6, 29 and 30 are NPN 
transistors, the circuit can of course be realized even 
when the former transistors are NPN transistors and the 
latter transistors are PNP transistors. 

In this case, the polarities of the diodes are also re 
versed with respect to PN. Needless to say, although 
the bipolar transistors are employed, MOSFETs are 
also usable. 
As set forth above, according to the present inven 

tion, the potential of a terminal on one side of a load can 
be fixed. Therefore, when the invention is applied to 
thin film heads for multitrack recording, the one-side 
terminals of the plurality of heads can be connected in 
common, and the number of terminals to be led out 
from the heads can be reduced to about as compared 
with that in the prior-art arrangement. Accordingly, 
owing to the simplification of an assembling process, 
enhancement in reliability can be achieved, and a higher 
density of integration is facilitated. Furthermore, since a 
current switching portion requiring a control signal of 
large amplitude is dispensed with, a high speed opera 
tion is possible even for an inductive load. 
We claim: 
1. In a current driving circuit which supplies a two 

terminal load with current to be inverted in accordance 
with input information; a current driving circuit charac 
terized by comprising a load whose one-side terminal 
has its potential fixed to a predetermined value, first 
means to supply a non-fixed side terminal of said load 
with a direct current, and second means to supply said 
non-fixed side terminal with a current having a value 
double that of the direct current and a polarity opposite 
to that of said direct current, while switching it in ac 
cordance with input information. 

2. A current driving circuit according to claim 1, 
wherein said one-side terminal is grounded. 

3. A current driving circuit according to claim 2, 
further comprising current value switching means for 
changing the value of the direct current supplied by said 
first means and controlling the current supplied by said 
second means to be double the value of said direct cur 
rent supplied by said first means. 

4. A current driving circuit according to claim 2, 
wherein said second means comprises a current switch 
ing circuit including two switching means either of 
which turns "on' in accordance with the input informa 
tion. 

5. A current driving circuit according to claim 1, 
further comprising current value switching means for 
changing the value of the direct current supplied by said 
first means and controlling the current supplied by said 
second means to be double the value of said direct cur 
rent supplied by said first means. 

6. A current driving circuit according to claim 1, 
wherein said second means comprises a current switch 
ing circuit including two switching means either of 
which turns "on' in accordance with the input informa 
tion. 
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6 
7. In a current driving circuit which supplies a two 

terminal load with current to be inverted in accordance 
with input information; a current driving circuit charac 
terized by comprising a load whose one-side terminal 
has its potential fixed to a predetermined value, first 
means to supply a non-fixed side terminal of said load 
with a direct current, and second means including two 
switching means either of which turns "on' in accor 
dance with said input information, wherein said second 
means supplies said non-fixed side terminal with a cur 
rent having a value double that of the direct current and 
a polarity opposite to that of said direct current when a 
predetermined one of said two switching means is "on' 
but not when the other of said two switching means is 
"on', and current value switching means for changing 
the value of the direct current supplied by said first 
means and controlling the current supplied by said sec 
ond means to be said double value of said direct current 
supplied by said first means. 

8. A current driving circuit according to claim 7, 
wherein said one-side terminal is grounded. 

9. A current driving circuit according to claim 8, 
wherein said current value switching means includes 
two constant-current source circuits. 

10. A current driving circuit according to claim 9, 
wherein said constant-current source circuits each in 
clude a resistor, a diode, and a transistor, wherein said 
resistor is coupled to said diode in series, said diode is 
coupled to the base of said transistor, and the emitter of 
said transistor is coupled to a voltage source. 

11. A current driving circuit according to claim 8, 
wherein said two switching means includes two transis 
tors having bases which receive said input information 
and emitters connected together. 

12. A current driving circuit according to claim 7, 
wherein said current value switching means includes 
two constant-current source circuits. 

13. A current driving circuit according to claim 12, 
wherein said constant-current source circuits each in 
clude a resistor, a diode and a transistor, wherein said 
resistor is coupled to said diode in series, said diode is 
coupled to the base of said transistor, and the emitter of 
said transistor is coupled to a voltage source, 

14. A current driving circuit according to claim 7, 
wherein said two switching means includes two transis 
tors having bases which receive said input information 
and emitters connected together. 

15. A current driving circuit according to claim 7, 
wherein said first means includes a resistor, a diode and 
a transistor, wherein said resistor is coupled to said 
diode in series, said diode is coupled to the base of said 
transistor, and the emitter of said transistor is coupled to 
a voltage source. 

16. A current driving circuit according to claim 7, 
wherein said second means further includes a constant 
current source circuit. 

17. A current driving circuit according to claim 16, 
wherein said constant-current source circuit of said 
second means and said current value switching means 
are connected through a transistor. 
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